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The syndrome of spatial neglect results from the combination of a number of deﬁcits in
attention, with patients demonstrating both spatially lateralized and non-lateralized impair-
ments.Previousreportshavehintedthattheremaybeamotivationalcomponenttoneglect
and that modulating this might alleviate some of the debilitating symptoms. Additionally,
recent work on the effects of reward on attention in healthy participants has revealed
improvements across a number of paradigms. As the primary deﬁcit in neglect has been
associated with attention, this evidence for reward’s effects is potentially important. How-
ever, until very recently there have been few empirical studies addressing this potential
therapeutic avenue. Here we review the growing body of evidence that attentional impair-
ments in neglect can be reduced by motivation, for example in the form of preferred music
or anticipated monetary reward, and discuss the implications of this for treatments for
these patients. Crucially these effects of positive motivation are not observed in all patients
with neglect, suggesting that the consequences of motivation may relate to individual
lesion anatomy. Given the key role of dopaminergic systems in motivational processes, we
suggest that motivational stimulation might act as a surrogate for dopaminergic stimula-
tion. In addition, we consider the relationship between clinical post stroke apathy and lack
of response to motivation.
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INTRODUCTION
Spatial neglect is widely acknowledged to result from multi-
ple component deﬁcits, which are both spatially lateralized and
non-lateralized (Leicester et al., 1969; Corbetta and Shulman,
2011). The majority of these impairments relate to dysfunction
of attention (Mesulam, 1981) but it has been suggested that a
further potentially inﬂuential component could relate to motiva-
tion (Mesulam, 1985; Ishiai et al., 1990). There has been a great
dealof recentworkexamininghowmotivation,particularlyinthe
formofreward,canaffectattentionalprocessesinhealthyhumans,
across a diverse range of attention paradigms (Small et al., 2005;
Della Libera and Chelazzi, 2006; Kiss et al., 2009; Hubner and
Schlosser,2010). This research has shown,for example,that moti-
vationallysalientstimuliarelesssusceptibletotheattentionalblink
(Raymond and O’Brien,2009) and that rewarding targets leads to
greater priming in visual search (Kristjansson et al., 2010). Here
we review studies of how motivational processes can modulate
pathologically impaired attention in patients with spatial neglect.
We examine the effects of monetary reward, music, task instruc-
tion, and emotionally“negative” motivating inﬂuences, as well as
speculatinghowthesemaybeincorporatedintoclinicalstrategies.
Moreover, we examine how these factors may relate to the drug
therapies that have been trialed for patients with neglect,and how
their effects might inform our understanding of how individual
treatments work.
REWARD
Therehasbeenagreatdealofworkexaminingtheeffectsofreward
on selective attention, a process that is profoundly affected in
patientswithneglect(Bagurdesetal.,2008;HubnerandSchlosser,
2010;Anderson et al.,2011). In one of the earliest of these studies,
Della Libera and Chelazzi (2006) examined the effects of associ-
ating individual targets during a search task with monetary value,
and found that the efﬁcacy of selective attention could be modu-
lated by rewarding feedback. Further studies by these and other
authors have consistently demonstrated that associating visual
stimuli with monetary incentive can lead to improved task per-
formance. There have been two distinct possibilities proposed
for the mechanism by which reward exerts its effect on atten-
tion. First, reward might act as a motivation for the top-down
strategic control of attention or, alternatively, reward delivery can
directly alter the processing of speciﬁc stimuli by increasing their
attentional priority in a more bottom-up manner (Chelazzi et al.,
2012). Furthermore, it is possible that both these mechanisms
might simultaneously be activated in some circumstances.
Followingonfromthisresearch,andanecdotalreportsthatpro-
viding monetary incentive improves neglect (Mesulam,1985), we
wentontosystematicallyevaluatetheeffectsof anticipatedmone-
taryrewardinagroupof10patientswithspatialneglectsecondary
to right hemisphere stroke (Malhotra et al., 2013). We adapted a
standard cancellation task replacing target stimuli with high value
(£1 coins) or no-value (metal buttons) targets on Reward and
No-Reward variants of the cancellation search task respectively.
Patients were informed that they would receive £1.00 for each tar-
get canceled in the Reward task but they were simply instructed to
cancel all button targets in the No-Reward task without mention
of reward. Patients completed the two variations of cancellation
task in a ﬁrst session and then were given monetary incentive
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and informed that the amount was based on their performance
on the Reward task. After this session, patients returned on a
separatedayandcompletedthetwotasksagain.Inthissecondses-
sion performance was signiﬁcantly improved in the Reward task
only.Thisimprovementwasevidentbothwhenexaminingperfor-
mance across the entire search array and also when contralesional
cancellations were examined separately.
In this paradigm, only being informed that reward would be
received was not sufﬁcient for improvement as there was no dif-
ference in the two conditions in the ﬁrst session. However,receipt
of incentive and relevant feedback led to improved cancellation.
This is in keeping with previous studies where participants either
tookpartinatrainingsession,givingthemtimetoassociatestimuli
with reward, and/or received online feedback during task perfor-
mance (Della Libera and Chelazzi, 2006; Engelmann et al., 2009;
Kiss et al., 2009; Anderson et al., 2011).
Two patients showed no response to reward, and lesion sub-
traction showed that the principal brain area damaged in these
two patients but intact in those patients that did respond, was
the striatum. Although it is possible that attentional response to
motivation may be disrupted by secondary or tertiary results of
the brain injury itself, such as anosognosia or depression, respec-
tively, this ﬁnding is consistent with the known importance of
striatal structures in reward processing (O’Doherty et al., 2004),
and also potentially sheds light on animal studies showing that
experimentally induced neglect is more severe and less likely to
recover when cortical damage is accompanied by striatal dysfunc-
tion (VanVleet et al.,2003; Christakou et al.,2005). As we discuss
in the next section, it may also increase our understanding of
the variable responses to treatment that have been observed in
pharmacological studies in neglect.
As neglect is not a unitary disorder, and results from the inter-
action of a number of deﬁcits (Husain and Rorden, 2003; Hillis,
2006; Bartolomeo, 2007), there are a number of possible avenues
for reward’s inﬂuence on neglect in our study. One explanatory
mechanism could be through heightened arousal secondary to
administration of ﬁnancial reward, as increased arousal has been
shown to enhance spatial awareness in neglect (Robertson et al.,
1998) and the rewarding stimuli employed in this study have been
associated with galvanic skin response changes (Pessiglione et al.,
2007).Thissuggeststhatrewardcouldhaveledtoincreasedarousal
and reduced neglect,but only during the Reward condition in the
second session.
Another potential mechanism for the effects of reward could
be through increasing target salience and modulated processing
of high reward stimuli (Bays et al., 2010). Evidence suggests that
associationwithrewardaffectsstimulussalience,evenwhendetri-
mental to task performance (Anderson et al., 2011; Della Libera
et al., 2011). After Session 1, following incentive gain and per-
formance feedback, the relative salience of all the £1 targets may
havebeengreater,leadingtopatientsﬁndingtargetsthattheywere
previously unable to mark. As a result it is possible that reward’s
effectsweremediatedviaarousal,modulationof targetsalience,or
a combination of these mechanisms. Further work is required to
evaluate whether reward acts via both,or only one of these routes,
but, from the evidence above, it is possible that its incorporation
into behavioral therapies for neglect may be of signiﬁcant beneﬁt
(Robertson, 2013), perhaps particularly if it is associated with a
functional task goal (Wu et al., 2001).
PLEASANT MUSIC
An alternative means of inducing positive motivation is through
the use of enjoyable music. It has been shown by Sarkamo et al.
(2008) that listening to music has signiﬁcant effects on cognition
following stroke. These authors found that patients who had suf-
fered middle cerebral artery stroke had better recovery of verbal
memory and focused attention if they were regularly listening to
theirpreferred musicwhen comparedto patientswho werelisten-
ingtoaudiobooksoracontrolgroupwhowerereceivingstandard
rehabilitation alone. This result is in keeping with work in healthy
subjects showing that listening to enjoyable music can improve
cognitive performance in a number of domains (Rauscher et al.,
1993; Thompson et al.,2005; Rowe et al.,2007). Preferred music’s
effectonimpairedvisualattentionhasbeenmoredirectlyassessed
in a study by Soto et al. (2009),where they examined the effects of
pleasant music in three patients on an experimental visual extinc-
tion paradigm. They found that when patients listened to music
thattheypreferred,theywerebetterabletoidentifycontralesional
targets as compared to when they were listening to unpreferred
music, or during a silent condition. In a separate experiment,
they examined whether listening to preferred music was associ-
ated with increased arousal, which has been shown to improve
awareness in neglect patients (Robertson et al., 1998), and found
that that this was not the case, suggesting that the improvement
was not via an arousal mechanism. This experimental work has
been followed by more recent studies looking at the effects of
music using standard clinical tasks (Chen et al., 2013; Tsai et al.,
2013). In particular, Chen et al. (2013) examined the effects of
pleasant music on neglect in a group of 19 patients and found it
to improve visual search but to have no effect on line bisection.
Moreover,they also observed a signiﬁcant increase in leftward eye
movements in comparison to control conditions. These authors
speculatedthatlisteningtopleasantmusicmightbemorelikelyto
affectperformanceontasksrequiringglobalvisuospatialattention
processingoverthewholevisualﬁeldratherthantaskssuchasline
bisection involving a single object.
In their recent review of the effects of music listening on func-
tion after stroke, Sarkamo and Soto (2012) suggest that a possible
mechanism for the effects of music on visual awareness is via acti-
vation of the mesolimbic dopaminergic reward system, which is
inkeepingwithevidencethatemotionalarousalwhilstlisteningto
music is associated with endogenous dopamine release in striatal
structures (Salimpoor et al., 2011). Such an explanation would
also be consistent with the effects of monetary reward on neglect,
the key role of dopamine in reward processing (Zald et al., 2004),
and our own observation that reward did not lead to a reduction
of neglect in patients with striatal damage (Malhotra et al.,2013).
Together, these ﬁndings raise the intriguing possibility that posi-
tive motivation, in the form of music and anticipated monetary
reward may act via endogenous dopamine release. Dopaminergic
stimulation has previously been used as a possible treatment in
neglect, but with varying results, and even where positive effects
have been found these have not been observed in all treated indi-
viduals (Fleet et al., 1987; Geminiani et al., 1998; Grujic et al.,
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1998;Hurfordetal.,1998;Barrettetal.,1999;Mukandetal.,2001;
Gorgoraptis et al., 2012). It is possible that positive motivation,
as described above, may act as a surrogate for dopaminergic ther-
apy,andhelppredictgoodcandidatesfordopaminergictreatment.
Further work is necessary to explore these issues further, and to
systematically examine the anatomical substrates that are neces-
sary for attentional responses to positive motivation and effective
exogenousdopaminergic[andcholinergic(RiceandCragg,2004)]
stimulation.
TASK INSTRUCTION AND SEQUENCE COMPLETION
Anintriguingslantonimprovingmotivationhasbeenprovidedby
Ishiai et al. (1990), who reported a possible motivational compo-
nent to impaired search performance in neglect after investigating
the effect of numbering targets rather than solely canceling them
during a search task. They found that numbering signiﬁcantly
improved search and reduced neglect on such a task, and sug-
gested that the process of numbering increased motivation to ﬁnd
moretargetsandcompletethetask.Whenparticipantscarriedout
a third cancellation session without numbering,neglect increased
again, suggesting that their observation was not due to a practice
effect. In another study, addressing neglect during object copy-
ing, Ishiai et al. (1997) showed that performance when copying a
drawingimprovedsigniﬁcantlywhenparticipantswereinstructed
toarrangeitemsaroundacentralcircleratherthantodirectlycopy
an example, although both tasks required an identical response.
These authors suggested that alteration of the instruction may
have led to increased motivation during task performance. These
methodsof utilizingsimplechangesintaskinstructiontoimprove
performanceispotentiallycrucialwhenconsideringhowharness-
ing motivation might improve neglect, and highlights the need
for careful consideration of task instructions when implementing
therapy for patients.
NEGATIVE EMOTIONAL MOTIVATION
The work described so far has attempted to employ positive moti-
vation and the induction of positive mood in order to reduce
neglect. However, there is a long research history of the con-
verse – that is the effect of negatively valent emotional stimuli
both on attention in healthy individuals, and in studies demon-
strating preserved processing of these forms of stimuli in patients
with neglect and extinction. This work is highly relevant here as
this alternative form of motivation may recruit different mech-
anisms to those involved with positive motivational stimulation,
thereby enabling therapies that are potentially suitable for alter-
native groups of patients, with different underlying pathological
neuroanatomy.
Numerous studies have demonstrated that emotionally valent
stimuli,suchasfacesoremotivewords,requirelessattentiontobe
processed, or under some circumstances, appear to be processed
when outside the focus of attention and with consequent effects
upon the eventual distribution of attention (Ohman,1986; Pratto
and John, 1991; Stormark et al., 1995; White, 1995; Bradley et al.,
1997;Eastwoodetal.,2001;Roetal.,2001;Lavieetal.,2003).This
preferentialprocessingof emotivestimuliisparticularlystrongfor
negative stimuli such as fearful or unhappy faces (Whalen et al.,
1998; Eastwood et al., 2001).
There is now a considerable body of work investigating the
effectsof emotion-evokingstimulionattentionaldeﬁcitsinbrain-
injured patients with visuospatial neglect. A landmark study by
MarshallandHalligan(1988)demonstratedthepowerfuleffectof
emotionallyvalentcontent,suchthatcontralesionalinformation–
for which the patient remained entirely unaware – nevertheless
inﬂuenced explicit decision making. More recently, Vuilleumier
andSchwartz(2001b)haveshownthatcontralesionaldetectionon
bilateral simultaneous stimulation trials is better for faces rather
than shapes, and also better for expressive, whether happy or
angry, rather than neutral faces in patients with extinction. In
addition, the same authors have shown that fear-related stim-
uli are more likely to be detected compared to neutral stim-
uli (Vuilleumier and Schwartz, 2001a), when presented in the
contralesional ﬁeld of patients who exhibited left visual extinc-
tion, even when the stimuli are well-matched in low-level visual
properties.
These effects have also been observed using versions of stan-
dard clinical tasks and during visual search. Tamietto et al. (2005)
foundthatcueingpatientswithunilateralleftcueswassigniﬁcantly
better at reducing the rightward bias in line bisection when the
cues, although task-irrelevant, were represented by emotional as
opposedtoneutralfaces.Similarly,visualsearchforemotionalleft-
sidedtargetsamongstdistractorshasbeenshowntomoreefﬁcient,
with a greater number detected and with faster reaction times,
thanfor theirneutralcounterparts (LucasandVuilleumier,2008).
Together, these observations suggest that the emotional valence
of stimuli in neglected hemispace might be implicitly processed,
to a great enough degree that these stimuli can subsequently bias
the deployment of spatial attention and encourage motor behav-
iorsintoleft-sidedspace.Intriguingly,suchﬁndingshavenotbeen
restrictedtothevisualmodality,andcomparableresultshavebeen
reportedforpatientswithauditoryextinction,whodemonstratea
reduction in their lateral deﬁcit in the presence of contralesional,
emotionallysigniﬁcant,vocalstimulirelativetoneutralutterances
(Grandjean et al., 2008).
It has been proposed that intact visual pathways to the ventral
temporal lobe and amygdala might mediate these distinct mech-
anisms of emotional attention (Morris et al., 2001; Vuilleumier,
2005). Grabowska et al. (2011) attempted to examine the neural
correlates underlying these processes using a variety of emotional
and neutral stimuli presented unilaterally in either ipsilesional
or neglected contralesional hemiﬁelds. In accordance with pre-
vious ﬁndings, emotional pictures presented in left visual ﬁeld
were reported more frequently than neutral images, thus mod-
ulating neglect. This correlated with increased activity in right
parahippocampalgyrusandrightanteriorcingulatecortex.Amyg-
dala activity was not reported even for emotional stimuli detected
in right hemispace, which is in contrast to numerous studies that
have suggested a crucial role in emotional processes for this struc-
ture. Current evidence suggests that a number of brain regions
are involved in the capture of attention by emotional stimuli,such
as orbitofrontal and anterior cingulate cortex (Vuilleumier et al.,
2002; Pessoa and Adolphs, 2010; Schwabe et al., 2011) and fur-
ther research will help to clarify the exact roles of the amygdala as
wellasthesestructuresinthemediationof emotionaleffectsupon
impaired attention.
Frontiers in Human Neuroscience www.frontiersin.org June 2013 | Volume 7 | Article 230 | 3Russell et al. Motivation in neglect
This perceptual advantage for emotionally valent stimuli has,
very recently, been explored in the context of a rehabilitation
tool for patients with neglect. Dominguez-Borras et al. (2013)
have reported that following aversive conditioning to a speciﬁc
visual stimulus,bilateral simultaneous trials involving these stim-
uli reduced left visual extinction in a patient with right parietal
damage, as compared to responses to the same stimuli before
conditioning. That is, the patient’s contralesional performance
improved after a negative emotional signiﬁcance association was
learnt for some stimuli. Although this is a single case study, it
introduces a potentially exciting concept for the use of affective
strategies in the rehabilitation of neglect.
CONCLUSION
In this review we have considered several mechanisms by which
motivational inﬂuences might modulate awareness in patients
with neglect, and described a number of studies that clearly
demonstrate motivation’s considerable effects on attention (see
Figure 1). Until recently, such studies were conﬁned to experi-
mental paradigms exploring this interaction,or anecdotal reports
of individual patients improving following positive motivation.
However,therehavenowbeenstudiesaddressingtheseissueswith
more clinical tasks and employing motivational processes in the
context of rehabilitation (Chen et al., 2013; Dominguez-Borras
et al., 2013). Furthermore, there is very preliminary evidence to
suggest that some motivational stimulation may act as a surrogate
for pharmacological (in particular dopaminergic) therapy. How-
ever, there remains a great deal of work to be done in evaluating
theprecisemechanismsunderlyingtheseinteractionsandwhether
they rely on different neuroanatomical substrates. It has been
shown that particular lesions appear to blunt motor responses to
motivation,especially in the form of reward,and these are closely
FIGURE 1 | Potential neuroanatomical pathways for motivation-
attention interplay.This outlines possible pathways involved in the
interaction between motivation and attention that are critical for the actions
of reward on spatial neglect. Mesulam (1999) proposed a large scale
neurocognitive network with cortical foci in parietal cortex and cingulate
cortex that is responsible for attention, and its organization allows very rapid
surveys of perceptual representations, multiple coordinate systems, motor
strategies, and motivational salience. Striatal neurons have been shown to
be critical in reward processing (Haber and Knutson, 2010; Harsay et al.,
2011), and striatal dopamine release in response to anticipated reward or
amygdala activation secondary to emotionally relevant stimuli may have a
direct modulatory effect on attentional signals being relayed to cortical areas
for perceptual processing and representation, modulating the salience of
such stimuli in a bottom-up manner. Reward may affect top-down control of
attentional processes via dopaminergic projections from striatum to
cingulate cortex to alter the salience of visual stimuli, with consequent
behavioral effects, and there have been several studies demonstrating the
role of the ACC in associating action with reward value (Bush et al., 2002;
Williams et al., 2004; Small et al., 2005). Additionally this top-down
modulation may also take place via orbitofrontal cortex, which appears to be
involved in the enhanced processing of attentional information secondary to
incentive (Mohanty et al., 2008). It is likely that these mechanisms are
engaged to various degrees, according to the type of motivational
stimulation, and the speciﬁc paradigm being employed.
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associated with clinical apathy (Schmidt et al., 2008; Adam et al.,
2013), which is characterized by a lack of goal-directed behaviors
due to loss of motivation (Marin, 1991). It is common following
stroke (Starkstein et al., 1993), and has been found to be associ-
ated with disruption of basal ganglia circuits (Onoda et al.,2011).
This is supported by the observation that apathy is a common
feature of other pathological states associated with dysfunction
of the frontal-basal ganglia system (Levy and Czernecki, 2006).
Furthermore, in such cases, apathy is associated with a blunted
neural response to motivation, especially in the form of reward
(Czernecki et al.,2002; Lawrence et al.,2011). Although it has not
yet been systematically investigated, this interplay between apa-
thy, motivational response, and attentional impairments may be
particularlyimportantindeterminingoutcomeformanypatients.
From a practical perspective, there remains considerable work
tobedonebeforespeciﬁctherapeuticinterventionscanberecom-
mended on the basis of well-controlled trials. However, it seems
clear that patients with neglect are likely to perform better,if pro-
vided with motivational stimulation. This may involve access to
music, in addition to the incorporation of a strong motivational
component into goal-based therapy and the careful consideration
of task instructions. In advance of the development of evidence-
based guidelines, such measures could be adapted and applied by
clinicians and therapists on an individual basis.
Finally, we have approached neglect as a unitary construct for
the purposes of this review but it will be critical to examine exper-
imentally the effects of motivation on the discrete component
deﬁcits of the syndrome, including spatial attention, sustained
attention, and spatial working memory. After apparent recov-
ery from neglect many patients are left with residual attentional
impairments (Driver et al., 2004; Russell et al., 2010, 2012; Bon-
ato, 2012), and it will be of considerable importance to examine
whether these individuals also beneﬁt from the exciting potential
of motivational enhancement.
REFERENCES
Adam,R.,Leff,A.,Sinha,N.,Turner,C.,
Bays, P., Draganski, B., et al. (2013).
Dopamine reverses reward insensi-
tivityinapathyfollowingglobuspal-
lidus lesions. Cortex 49, 1292–1303.
doi:10.1016/j.cortex.2012.04.013
Anderson, B. A., Laurent, P. A.,
and Yantis, S. (2011). Value-driven
attentional capture. Proc. Natl.
Acad. Sci. U.S.A. 108, 10367–10371.
doi:10.1073/pnas.1104047108
Bagurdes, L. A., Mesulam, M. M.,
Gitelman, D. R., Weintraub, S., and
Small, D. M. (2008). Modulation
of the spatial attention network
by incentives in healthy aging
and mild cognitive impairment.
Neuropsychologia 46, 2943–2948.
doi:10.1016/j.neuropsychologia.
2008.06.005
Barrett,A. M., Crucian, G. P., Schwartz,
R. L., and Heilman, K. M. (1999).
Adverse effect of dopamine agonist
therapy in a patient with motor-
intentional neglect. Arch. Phys. Med.
Rehabil. 80, 600–603. doi:10.1016/
S0003-9993(99)90205-8
Bartolomeo, P. (2007). Visual neglect.
Curr. Opin. Neurol. 20, 381.
doi:10.1097/WCO.0b013e32816aa3a3
Bays, P. M., Singh-Curry, V., Gorgo-
raptis, N., Driver, J., and Husain,
M. (2010). Integration of goal-
and stimulus-related visual signals
revealed by damage to human
parietal cortex. J. Neurosci. 30,
5968–5978. doi:10.1523/JNEURO
SCI.0997-10.2010
Bonato, M. (2012). Neglect and
extinction depend greatly
on task demands: a review.
Front. Hum. Neurosci. 6:195.
doi:10.3389/fnhum.2012.00195
Bradley, B. P., Mogg, K., Millar,
N., Bonhamcarter, C., Fergusson,
E., Jenkins, J., et al. (1997).
Attentional biases for emotional
faces. Cogn. Emot. 11, 25–42.
doi:10.1080/026999397380014
Bush, G., Vogt, B. A., Holmes, J.,
Dale, A. M., Greve, D., Jenike,
M. A., et al. (2002). Dorsal ante-
rior cingulate cortex: a role in
reward-baseddecisionmaking.Proc.
Natl. Acad. Sci. U.S.A. 99, 523–528.
doi:10.1073/pnas.012470999
Chelazzi, L., Perlato, A., Santan-
drea, E., and Della Libera, C.
(2012). Rewards teach visual
selective attention. Vision Res.
doi:10.1016/j.visres.2012.12.005
Chen, M. C., Tsai, P. L., Huang, Y.
T., and Lin, K. C. (2013). Pleas-
ant music improves visual attention
in patients with unilateral neglect
after stroke. Brain Inj. 27, 75–82.
doi:10.3109/02699052.2012.722255
Christakou, A., Robbins, T. W., and
Everitt, B. J. (2005). Prolonged
neglect following unilateral disrup-
tion of a prefrontal cortical-dorsal
striatal system. Eur. J. Neurosci.
21, 782–792. doi:10.1111/j.1460-
9568.2005.03892.x
Corbetta, M., and Shulman, G. L.
(2011). Spatial neglect and atten-
tion networks. Annu. Rev. Neurosci.
34, 569–599. doi:10.1146/annurev-
neuro-061010-113731
Czernecki, V., Pillon, B., Houeto, J. L.,
Pochon, J. B., Levy, R., and Dubois,
B. (2002). Motivation, reward,
and Parkinson’s disease: inﬂuence
of dopatherapy. Neuropsychologia
40, 2257–2267. doi:10.1016/S0028-
3932(02)00108-2
DellaLibera,C.,andChelazzi,L.(2006).
Visual selective attention and the
effectsof monetaryrewards.Psychol.
Sci.17,222–227.doi:10.1111/j.1467-
9280.2006.01689.x
Della Libera, C., Perlato, A., and
Chelazzi, L. (2011). Dissociable
effects of reward on atten-
tional learning: from passive
associations to active moni-
toring. PLoS ONE 6:e19460.
doi:10.1371/journal.pone.0019460
Dominguez-Borras, J., Armony, J. L.,
Maravita, A., Driver, J., and Vuilleu-
mier, P. (2013). Partial recovery
of visual extinction by pavlov-
ian conditioning in a patient with
hemispatial neglect. Cortex 49,
891–898. doi:10.1016/j.cortex.2012.
11.005
Driver, J., Vuilleumier, P., and Husain,
M. (2004). “Spatial neglect and
extinction,” in The Cognitive Neu-
rosciences III, ed. M. S. Gaz-
zaniga(Cambridge,MA:MITPress),
589–606.
Eastwood, J. D., Smilek, D., and
Merikle, P. M. (2001). Differ-
ential attentional guidance by
unattended faces expressing
positive and negative emotion.
Percept. Psychophys. 63, 1004–1013.
doi:10.3758/BF03194519
Engelmann, J. B., Damaraju, E., Pad-
mala,S.,andPessoa,L.(2009).Com-
bined effects of attention and moti-
vation on visual task performance:
transientandsustainedmotivational
effects. Front. Hum. Neurosci. 3:4.
doi:10.3389/neuro.09.004.2009
Fleet, W. S., Valenstein, E., Wat-
son, R. T., and Heilman, K.
M. (1987). Dopamine ago-
nist therapy for neglect in
humans. Neurology 37, 1765–1771.
doi:10.1212/WNL.37.11.1765
Geminiani, G., Bottini, G., and Sterzi,
R. (1998). Dopaminergic stimula-
tion in unilateral neglect. J. Neurol.
Neurosurg. Psychiatr. 65, 344–347.
doi:10.1136/jnnp.65.3.344
Gorgoraptis, N., Mah, Y. H., Machner,
B., Singh-Curry, V., Malho-
tra, P., Hadji-Michael, M., et
al. (2012). The effects of the
dopamine agonist rotigotine on
hemispatial neglect following
stroke. Brain 135, 2478–2491.
doi:10.1093/brain/aws154
Grabowska,A., Marchewka,A., Seniow,
J., Polanowska, K., Jednorog, K.,
Krolicki, L., et al. (2011). Emotion-
ally negative stimuli can overcome
attentional deﬁcits in patients
with visuo-spatial hemineglect.
Neuropsychologia 49, 3327–3337.
doi:10.1016/j.neuropsychologia.2011.
08.006
Grandjean, D., Sander, D., Lucas, N.,
Scherer, K. R., and Vuilleumier, P.
(2008).Effectsof emotionalprosody
on auditory extinction for voices
in patients with spatial neglect.
Neuropsychologia 46, 487–496.
doi:10.1016/j.neuropsychologia.
2007.08.025
Grujic, Z., Mapstone, M., Gitelman,
D. R., Johnson, N., Weintraub, S.,
Hays, A., et al. (1998). Dopamine
agonists reorient visual exploration
away from the neglected hemi-
space. Neurology 51, 1395–1398.
doi:10.1212/WNL.51.5.1395
Haber, S. N., and Knutson, B. (2010).
The reward circuit: linking pri-
mate anatomy and human imaging.
Neuropsychopharmacology 35, 4–26.
doi:10.1038/npp.2009.129
Harsay,H. A.,Cohen,M. X.,Oosterhof,
N. N., Forstmann, B. U., Mars,
R. B., and Ridderinkhof, K. R.
(2011). Functional connectivity
of the striatum links motivation
to action control in humans.
J. Neurosci. 31, 10701–10711.
doi:10.1523/JNEUROSCI.5415-
10.2011
Frontiers in Human Neuroscience www.frontiersin.org June 2013 | Volume 7 | Article 230 | 5Russell et al. Motivation in neglect
Hillis, A. E. (2006). Neurobiology
of unilateral spatial neglect.
Neuroscientist 12, 153–163.
doi:10.1177/1073858405284257
Hubner, R., and Schlosser, J. (2010).
Monetary reward increases atten-
tional effort in the ﬂanker task.
Psychon. Bull. Rev. 17, 821–826.
doi:10.3758/PBR.17.6.821
Hurford, P., Stringer, A. Y., and Jann,
B. (1998). Neuropharmacologic
treatment of hemineglect: a case
report comparing bromocriptine
and methylphenidate. Arch. Phys.
Med. Rehabil. 79, 346–349. doi:10.
1016/S0003-9993(98)90019-3
Husain, M., and Rorden, C. (2003).
Non-spatially lateralized mech-
anisms in hemispatial neglect.
Nat. Rev. Neurosci. 4, 26–36.
doi:10.1038/nrn1005
Ishiai, S., Seki, K., Koyama, Y., and
Izumi, Y. (1997). Disappearance of
unilateral spatial neglect follow-
ing a simple instruction. J. Neu-
rol. Neurosurg. Psychiatr. 63, 23–27.
doi:10.1136/jnnp.63.1.23
Ishiai, S., Sugishita, M., Odajima,
N., Yaginuma, M., Gono, S., and
Kamaya, T. (1990). Improvement of
unilateral spatial neglect with num-
bering. Neurology 40, 1395–1398.
doi:10.1212/WNL.40.9.1395
Kiss, M., Driver, J., and Eimer,
M. (2009). Reward priority of
visual target singletons modulates
event-related potential signatures
of attentional selection. Psychol.
Sci.20,245–251.doi:10.1111/j.1467-
9280.2009.02281.x
Kristjansson,A.,Sigurjonsdottir,O.,and
Driver, J. (2010). Fortune and rever-
sals of fortune in visual search:
reward contingencies for pop-out
targets affect search efﬁciency and
target repetition effects. Atten. Per-
cept. Psychophys. 72, 1229–1236.
doi:10.3758/APP.72.5.1229
Lavie, N., Ro, T., and Russell, C. (2003).
The role of perceptual load in
processing distractor faces. Psychol.
Sci. 14, 510–515. doi:10.1111/1467-
9280.03453
Lawrence, A. D., Goerendt, I. K.,
and Brooks, D. J. (2011). Apa-
thy blunts neural response
to money in Parkinson’s dis-
ease. Soc. Neurosci. 6, 653–662.
doi:10.1080/17470919.2011.556821
Leicester,J.,Sidman,M.,Stoddard,L.T.,
and Mohr, J. P. (1969). Some deter-
minants of visual neglect. J. Neurol.
Neurosurg. Psychiatr. 32, 580–587.
doi:10.1136/jnnp.32.6.580
Levy, R., and Czernecki, V. (2006).
Apathy and the basal ganglia. J.
Neurol. 253(Suppl. 7),VII54–VII61.
doi:10.1007/s00415-006-7012-5
Lucas, N., and Vuilleumier, P. (2008).
Effects of emotional and non-
emotional cues on visual search in
neglect patients: evidence for dis-
tinctsourcesofattentionalguidance.
Neuropsychologia 46, 1401–1414.
doi:10.1016/j.neuropsychologia.
2007.12.027
Malhotra, P. A., Soto, D., Li, K., and
Russell, C. (2013). Reward mod-
ulates spatial neglect. J. Neurol.
Neurosurg. Psychiatr. 84, 366–369.
doi:10.1136/jnnp-2012-303169
Marin,R.S.(1991).Apathy:aneuropsy-
chiatric syndrome. J. Neuropsychia-
try Clin. Neurosci. 3, 243–254.
Marshall, J. C., and Halligan, P. W.
(1988). Blindsight and insight in
visuo-spatial neglect. Nature 336,
766–767. doi:10.1038/336766a0
Mesulam, M. M. (1981). A cortical
network for directed atten-
tion and unilateral neglect.
Ann. Neurol. 10, 309–325.
doi:10.1002/ana.410100402
Mesulam, M. M. (1985). Principles of
Behavioral Neurology. Philadelphia:
F.A. Davis.
Mesulam, M. M. (1999). Spatial atten-
tion and neglect: parietal, frontal
and cingulate contributions to the
mental representation and atten-
tional targeting of salient extraper-
sonal events. Philos. Trans. R. Soc.
Lond. B Biol. Sci. 354, 1325–1346.
doi:10.1098/rstb.1999.0482
Mohanty, A., Gitelman, D. R., Small,
D. M., and Mesulam, M. M.
(2008). The spatial attention net-
work interacts with limbic and
monoaminergic systems to mod-
ulate motivation-induced attention
shifts. Cereb. Cortex 18, 2604–2613.
doi:10.1093/cercor/bhn021
Morris, J. S., Degelder, B., Weiskrantz,
L., and Dolan, R. J. (2001). Dif-
ferential extrageniculostriate and
amygdala responses to presentation
of emotional faces in a cortically
blind ﬁeld. Brain 124, 1241–1252.
doi:10.1093/brain/124.6.1241
Mukand, J. A., Guilmette, T. J., Allen,
D. G., Brown, L. K., Brown, S.
L., Tober, K. L., et al. (2001).
Dopaminergic therapy with car-
bidopa l-dopa for left neglect
after stroke: a case series. Arch.
Phys. Med. Rehabil. 82, 1279–1282.
doi:10.1053/apmr.2001.25149
O’Doherty, J., Dayan, P., Schultz,
J., Deichmann, R., Friston, K.,
and Dolan, R. J. (2004). Disso-
ciable roles of ventral and dor-
sal striatum in instrumental con-
ditioning. Science 304, 452–454.
doi:10.1126/science.1094285
Ohman, A. (1986). Face the beast and
fear the face – animal and social
fears as prototypes for evolutionary
analyses of emotion. Psychophysiol-
ogy 23,123–145.doi:10.1111/j.1469-
8986.1986.tb00608.x
Onoda, K., Kuroda, Y., Yamamoto,
Y., Abe, S., Oguro, H., Nagai, A.,
et al. (2011). Post-stroke apathy
and hypoperfusion in basal ganglia:
SPECT study. Cerebrovasc. Dis. 31,
6–11. doi:10.1159/000319771
Pessiglione, M., Schmidt, L., Dragan-
ski, B., Kalisch, R., Lau, H., Dolan,
R. J., et al. (2007). How the
brain translates money into force:
a neuroimaging study of subliminal
motivation. Science 316, 904–906.
doi:10.1126/science.1140459
Pessoa,L.,andAdolphs,R.(2010).Emo-
tion processing and the amygdala:
from a ‘low road’ to ‘many roads’
of evaluating biological signiﬁcance.
Nat. Rev. Neurosci. 11, 773–782.
doi:10.1038/nrn2920
Pratto, F., and John, O. P. (1991).
Automatic vigilance: the attention-
grabbing power of negative social
information. J. Pers. Soc. Psy-
chol.61,380–391.doi:10.1037/0022-
3514.61.3.380
Rauscher, F. H., Shaw, G. L., and Ky,
K. N. (1993). Music and spatial
task performance. Nature 365, 611.
doi:10.1038/365611a0
Raymond, J. E., and O’Brien, J.
L. (2009). Selective visual atten-
tion and motivation: the con-
sequences of value learning in
an attentional blink task. Psychol.
Sci.20,981–988.doi:10.1111/j.1467-
9280.2009.02391.x
Rice, M. E., and Cragg, S. J. (2004).
Nicotine ampliﬁes reward-related
dopamine signals in striatum.
Nat. Neurosci. 7, 583–584.
doi:10.1038/nn1244
Ro, T., Russell, C., and Lavie, N. (2001).
Changing faces: a detection advan-
tage in the ﬂicker paradigm. Psychol.
Sci. 12, 94–99. doi:10.1111/1467-
9280.00317
Robertson, I. H. (2013). The neglected
role of reward in rehabilitation. J.
Neurol.Neurosurg.Psychiatr.84,363.
doi:10.1136/jnnp-2012-303547
Robertson, I. H., Mattingley, J. B., Ror-
den, C., and Driver, J. (1998). Pha-
sic alerting of neglect patients over-
comes their spatial deﬁcit in visual
awareness. Nature 395, 169–172.
doi:10.1038/26117
Rowe, G., Hirsh, J. B., and Ander-
son, A. K. (2007). Positive affect
increases the breadth of atten-
tional selection. Proc. Natl.
Acad. Sci. U.S.A. 104, 383–388.
doi:10.1073/pnas.0605198104
Russell, C., Deidda, C., Malhotra,
P., Crinion, J. T., Merola, S., and
Husain, M. (2010). A deﬁcit of
spatial remapping in constructional
apraxia after right-hemisphere
stroke. Brain 133, 1239–1251.
doi:10.1093/brain/awq052
Russell,C.,Malhotra,P.,Deidda,C.,and
Husain, M. (2012). Dynamic atten-
tional modulation of vision across
space and time after right hemi-
sphere stroke and in ageing. Cortex
doi:10.1016/j.cortex.2012.10.005
Salimpoor,V. N., Benovoy, M., Larcher,
K., Dagher, A., and Zatorre, R.
J. (2011). Anatomically distinct
dopamine release during anticipa-
tionandexperienceof peakemotion
tomusic.Nat.Neurosci.14,257–262.
doi:10.1038/nn.2726
Sarkamo, T., and Soto, D. (2012).
Music listening after stroke: ben-
eﬁcial effects and potential neural
mechanisms. Ann. N. Y. Acad. Sci.
1252, 266–281. doi:10.1111/j.1749-
6632.2011.06405.x
Sarkamo, T., Tervaniemi, M., Laitinen,
S., Forsblom, A., Soinila, S., Mikko-
nen, M., et al. (2008). Music lis-
tening enhances cognitive recovery
and mood after middle cerebral
artery stroke. Brain 131, 866–876.
doi:10.1093/brain/awn013
Schmidt, L., D’Arc, B. F., Lafargue,
G., Galanaud, D., Czernecki, V.,
Grabli, D., et al. (2008). Discon-
necting force from money: effects of
basal ganglia damage on incentive
motivation. Brain 131, 1303–1310.
doi:10.1093/brain/awn045
Schwabe, L., Merz, C. J., Walter,
B., Vaitl, D., Wolf, O. T., and
Stark, R. (2011). Emotional modu-
lation of the attentional blink: the
neural structures involved in cap-
turing and holding attention. Neu-
ropsychologia 49,416–425. doi:10.10
16/j.neuropsychologia.2010.12.037
Small, D. M., Gitelman, D., Sim-
mons, K., Bloise, S. M., Parrish,
T., and Mesulam, M. M. (2005).
Monetary incentives enhance pro-
cessing in brain regions mediat-
ing top-down control of atten-
tion. Cereb. Cortex 15, 1855–1865.
doi:10.1093/cercor/bhi063
Soto, D., Funes, M. J., Guzman-
Garcia, A., Warbrick, T., Rot-
shtein, P., and Humphreys, G. W.
(2009). Pleasant music overcomes
the loss of awareness in patients
with visual neglect. Proc. Natl.
Acad. Sci. U.S.A. 106, 6011–6016.
doi:10.1073/pnas.0811681106
Starkstein, S. E., Fedoroff, J. P.,
Price, T. R., Leiguarda, R., and
Robinson, R. G. (1993). Apa-
thy following cerebrovascular
lesions. Stroke 24, 1625–1630.
doi:10.1161/01.STR.24.11.1625
Frontiers in Human Neuroscience www.frontiersin.org June 2013 | Volume 7 | Article 230 | 6Russell et al. Motivation in neglect
Stormark, K. M., Nordby, H., and
Hugdahl, K. (1995). Attentional
shifts to emotionally charged
cues – behavioral and ERP
data. Cogn. Emot. 9, 507–523.
doi:10.1080/02699939508408978
Tamietto, M., Corazzini, L. L., Pia,
L., Zettin, M., Gionco, M., and
Geminiani, G. (2005). Effects of
emotional face cueing on line
bisection in neglect: a single case
study. Neurocase 11, 399–404.
doi:10.1080/13554790500259717
Thompson, R. G., Moulin, C. J., Hayre,
S., and Jones, R. W. (2005). Music
enhancescategoryﬂuencyinhealthy
older adults and Alzheimer’s dis-
ease patients. Exp. Aging Res. 31,
91–99. doi:10.1080/036107305908
82819
Tsai, P. L., Chen, M. C., Huang, Y.
T., and Lin, K. C. (2013). Effects
of listening to pleasant music on
chronic unilateral neglect: a single-
subject study. NeuroRehabilitation
32, 33–42. doi:10.3233/NRE-13
0821
Van Vleet, T. M., Heldt, S. A., Pyter,
B., Corwin, J. V., and Reep, R. L.
(2003). Effects of light deprivation
onrecoveryfromneglectandextinc-
tion induced by unilateral lesions of
themedialagranularcortexanddor-
socentral striatum. Behav. Brain Res.
138, 165–178. doi:10.1016/S0166-
4328(02)00246-2
Vuilleumier, P. (2005). How brains
beware: neural mechanisms of
emotional attention. Trends Cogn.
Sci. (Regul. Ed.) 9, 585–594.
doi:10.1016/j.tics.2005.10.011
Vuilleumier,P.,Armony,J.L.,Clarke,K.,
Husain, M., Driver, J., and Dolan, R.
J. (2002). Neural response to emo-
tional faces with and without aware-
ness:event-relatedfMRIinaparietal
patient with visual extinction and
spatial neglect. Neuropsychologia
40, 2156–2166. doi:10.1016/S0028-
3932(02)00045-3
Vuilleumier, P., and Schwartz, S.
(2001a). Beware and be aware:
capture of spatial attention by
fear-related stimuli in neglect.
Neuroreport 12, 1119–1122.
doi:10.1097/00001756-200105080-
00014
Vuilleumier, P., and Schwartz,
S. (2001b). Emotional facial
expressions capture attention.
Neurology 56, 153–158.
doi:10.1212/WNL.56.2.153
Whalen, P. J., Rauch, S. L., Etcoff,
N. L., McInerney, S. C., Lee, M.
B., and Jenike, M. A. (1998).
Masked presentations of emotional
facial expressions modulate amyg-
dala activity without explicit knowl-
edge. J. Neurosci. 18, 411–418.
White, M. (1995). Preattentive analy-
sis of facial expressions of emo-
tion. Cogn. Emot. 9, 439–460.
doi:10.1080/02699939508408975
Williams, Z. M., Bush, G., Rauch, S.
L., Cosgrove, G. R., and Eskan-
dar, E. N. (2004). Human ante-
rior cingulate neurons and the
integration of monetary reward
with motor responses. Nat. Neu-
rosci. 7, 1370–1375. doi:10.1038/
nn1354
Wu, C. Y., Wong, M. K., Lin, K. C.,
and Chen, H. C. (2001). Effects
of task goal and personal prefer-
ence on seated reaching kinemat-
ics after stroke. Stroke 32, 70–76.
doi:10.1161/01.STR.32.1.70
Zald, D. H., Boileau, I., El-Dearedy,
W., Gunn, R., McGlone, F., Dichter,
G. S., et al. (2004). Dopamine
transmission in the human stria-
tum during monetary reward
tasks. J. Neurosci. 24, 4105–4112.
doi:10.1523/JNEUROSCI.4643-
03.2004
Conﬂict of Interest Statement: The
authors declare that the research was
conducted in the absence of any com-
mercial or ﬁnancial relationships that
could be construed as a potential con-
ﬂict of interest.
Received: 08 March 2013; accepted: 14
May 2013; published online: 06 June
2013.
Citation: Russell C, Li K and Malho-
tra PA (2013) Harnessing motivation to
alleviate neglect. Front. Hum. Neurosci.
7:230. doi: 10.3389/fnhum.2013.00230
Copyright©2013Russell,Li andMalho-
tra. This is an open-access article distrib-
utedunderthetermsoftheCreativeCom-
mons Attribution License, which per-
mits use, distribution and reproduction
in other forums, provided the original
authors and source are credited and sub-
ject to any copyright notices concerning
any third-party graphics etc.
Frontiers in Human Neuroscience www.frontiersin.org June 2013 | Volume 7 | Article 230 | 7